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SENSOR SYSTEM AND METHOD FOR 
DISTANCE CONTROL IN MOTOR VEHICLES 



Field Of The Invention 

The present invention relates to a sensor system on motor vehicles which is used for 
locating objects in front of the vehicle, as well as a method for distance control with 
the aid of such a sensor system. 

5 

Background Information 

Motor vehicles are frequently equipped with a so-called ACC system that permits 
distance control, i.e. an adaptive cruise control. This system includes a distance 
sensor, e.g. a radar sensor or, alternatively, also a lidar sensor, with which it is 

10 possible to measure the distances to objects located in front of the vehicle. In the case 
of a radar sensor, it is also possible to directlj^ me&ure the relative speeds. When the 
sensor detects a target object, e.g. a preceding vehicle, the speed of one's own vehicle 
is automatically adjusted so that the preceding vehicle is followed at an appropriate 
safety distance. When no relevant target object is detected, the speed is regulated to a 

15 desired speed selected by the driver. 

In conventional systems of this type, a single radar sensor, e.g. an FMCW (frequency 
modulated continuous wave) radar is mounted in the middle on the front end of the 
vehicle, so that its optical axis coincides with the longitudinal center axis of the 

20 vehicle. The locating depth of the sensor is, for example, up to 200 m, and the 

locating angular range is, for example, 7° to each side of the optical axis. Within this 
locating angular range, the radar system has a certain angular resolution, so that based 
on the measured locating angle in conjunction with the measured object distance, it is 
possible to decide whether an object is in the same lane as one's own vehicle or in an 

25 adjacent lane. The known ACC systems in use are provided for driving with relatively 
high cruising speed and correspondingly large distances between vehicles on 
superhighways and highways that have been enlarged well, and ftmction very reliably 
in this field of application. However, in traffic situations in which the driving is at 
lower speed and there are correspondingly smaller distances between vehicles, the 

30 problem occurs that relatively large blind spots exist on both sides of the locating 
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angular range of the radar sensor, since the locating range of the radar first covers the 
entire vehicle width as of a distance of approximately 8 to 10 m. In the case of very 
small distances between vehicles, there is therefore the danger that vehicles traveling 
in an offset manner can no longer be detected, or vehicles cutting in suddenly from 
5 the side cannot be detected in time. 

It would be desirable, however, to extend the application range of the distance control 
system to smaller distances between vehicles as well, so that, for example, a so-called 
stop and go control can be implemented making it possible, for example, during 

10 operation in traffic congestion to automatically brake one's own vehicle to a standstill 
and, when the preceding vehicle drives off again, to automatically control the renewed 
drive-off of one's own vehicle. Until now, an additional short-range sensor system 
was needed for this purpose. For example, DE 199 49 409 describes a distance sensor 
system having two additional distance-resolution short-range radar sensors which are 

1 5 mounted to the right and to the left on the bumper of the vehicle and, given a 

relatively small locating depth, have a locating angular range of 70^ to each side. In 
the relatively large overlap region of these locating angular ranges, the azimuth angle 
of an object detected by both sensors can then be determined by triangulation. 
However, not only is a high installation expenditure requisite for this additional 

20 short-range sensor system, but a completely new type of sensor technology and 
suitably adapted evaluation algorithms becomes necessary as well. 

Summary Of The Invention 

In contrast, the sensor system of the present invention offers the advantage that it is 
25 possible to achieve a considerable reduction in the blind spots on both sides of the 
vehicle using conventional sensors that are already tried and proven, and with 
comparatively insignificant modifications of the evaluation algorithms. Further 
advantages are that the redundancy and therefore the reliability of the sensor system is 
increased, and certain malfimctions, for example, due to sensor misalignment or due 
30 to temporary blinding of a sensor caused by snowfall, can be recognized substantially 
more easily and reliably during continuous operation. 

In the sensor system according to the present invention, two conventional long-range 

sensors are positioned in such a way on both sides of the longitudinal center axis of 

35 the vehicle that their locating angular ranges together cover the entire vehicle width as 
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of a first distance dl, and overlap one another as of a second distance d2. This 
arrangement makes it possible to substantially shorten the blind spots to the right and 
left of the locating ranges, so that, for example, a stop and go control can be 
implemented without an additional short-range sensor system, although the locating 
5 angular range of each individual sensor is, for example, only ±7®. However, in the 
case of a particularly cost-effective design approach using just precisely two sensors, 
an additional blind spot then results in fi-ont of the center of the vehicle. This blind 
spot is relatively small, however, and the case, which is thus anyway very unlikely, 
that a narrow preceding vehicle, e.g. a two-wheeler, will disappear in this blind spot 
10 can be taken into accoimt by a simple adaptation of the method for distance control. 
In this context, use is made in particular of the circumstance that an object cannot get 
into this blind spot without it having been detected by at least one of the sensors 
beforehand. 

15 The further away the two sensors are situated fi^om the longitudinal center axis of the 
vehicle, the smaller the two outer blind spots become, and the larger the blind spot in 
front of the vehicle center becomes. The exact lateral position of the sensors must 
therefore be selected so that a reasonable compromise is achieved. For sensors having 
a locating angular range of ±7°, the arrangement of the sensors may be selected, for 

20 example, so that distance dl, starting firom which the two locating angular ranges 
together cover the entire vehicle width, is only 3 m, and distance d2 from which the 
locating angular ranges overlap is 5 m. The lateral distance between the two sensors is 
then approximately 1.2 m, so that in any case only objects whose width is less than 
this value are able to get into the blind spot in front of the vehicle center. In general, 

25 these objects can only be two-wheelers. In practice, a further virtual shortening of the 
blind spot results because two-wheelers, in contrast to passenger cars, are very 
structured, so that the radar waves are also reflected at stmctures in the front region of 
the vehicle, e.g. at the front protecting plate or at the fork. Particularly when the 
two-wheeler is offset laterally with respect to the optical axis of the sensor, the 

30 two-wheeler can therefore also be located on the basis of these front reflection 
centers. 

The two radar sensors are preferably arranged in such a way that their optical axes run 
parallel to the longitudinal center axis of the vehicle. Alternatively, however, an 
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arrangement is also conceivable in which the optical axes diverge outwardly, so that 
the outer blind spots are further reduced in size. 



For the extreme short range, e.g. less than 3 m, it is additionally also possible to fall 
5 back on commercial parking-assistance sensors such as ultrasonic sensors for object 
detection. 

In the normal distance range, e.g. at distances of 10 m or more, objects in one's own 
traffic lane are detected using the arrangement of two sensors according to the present 
10 invention. This yields the possibility of checking the distance and angle data, 

measured by the sensors, for their consistency by triangulation, so that, for example, 
errors in the angular adjustment of one or both sensors may be easily recognized and, 
optionally, automatically corrected in the signal evaluation. In the same way, a failure 
or blinding of one of the sensors is immediately recognizable. 

15 

Since blind spots occur only at very small distances, e.g. less than 5 m, and on the 
other hand, vehicle distances of this order of magnitude are only to be expected at 
very low traveling speeds, the situation that a preceding vehicle will disappear in the 
blind spot in firont of the vehicle center may be mastered simply and without 
20 endangering the following traffic in that one's own vehicle is decelerated. As a result 
of this deceleration, the relative speed of the preceding vehicle should again increase, 
so that it leaves the blind spot again. If this does not happen, for instance, because the 
preceding vehicle on its part decelerates or stops, one's own vehicle is further 
decelerated and ultimately braked to a standstill. 

25 

The distinction as to whether the preceding vehicle has disappeared in the blind spot 
in firont of the vehicle center, or else has turned off to the left or to the right, may be 
made without difficulty when using angular-resolution distance sensors. Alternatively 
or additionally - for instance for checking purposes - this distinction may also be 
30 made, however, on the basis of an extrapolation of the previously detected relative 
movement of the object. In each case, a relatively rough angular resolution of the 
radar sensors is sufficient for a reliable distinction, since it only needs to be decided, 
to which side the object has left the locating range of the sensor in question. 
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Brief Description Of The Drawings 

Figure 1 shows a diagram of a motor vehicle including the sensor system of the 
present invention and the appertaining locating ranges. 

5 Fig. 2(A) and 2(B) show a flowchart for a method for distance control. 

Detailed Description 

In Figure 1 at the lower edge, the front end of a vehicle 10 is shown in which, in the 
region of the front bxmiper, a sensor system is provided made up of two sensors SR 

10 and SL arranged symmetrically with respect to longitudinal center axis 12 of the 
vehicle. For example, these sensors are angular-resolution FMCW radar sensors 
which are able to detect the distances and relative speeds of objects in a distance 
range between 3 m and approximately 200 m. The extreme short range below 3 m is 
covered by additional parking-assistance sensors 14. Each of the two sensors SR and 

15 SL has a locating angular range RR and RL, respectively, of ±7°. Optical axes AR 
and AL of the two sensors run parallel to longitudinal center axis 12 of the vehicle. 
The lateral displacement of sensors SR and SL with respect to longitudinal center axis 
12 of vehicle 10 is approximately 60 cm. Given a typical vehicle width of 2 m, this 
means that the two locating angular ranges RR and RL together already cover the 

20 entire vehicle width starting from a distance dl of approximately 3 m. Even vehicles 
which cut in in front of vehicle 10 very closely from the side may therefore be 
detected early. 

In the middle in front of motor vehicle 10, the two locating ranges RR and RL overlap 
25 each other as of a distance d2 of approximately 5 m. Therefore, in front of the vehicle 
center, between the two locating angular ranges, a blind spot 16 is formed which is 
shown by hatching in the drawing, and which has the shape of an isosceles triangle 
having a base width of only 1.2 m. This means that an object 18, e.g. a preceding 
vehicle or other obstacle, is only able to get completely into the blind spot if its 
30 distance to vehicle 10, more precisely, the distance between the baseline of sensors 

SL, SR and the fiirthest-forward detectable reflection .center of the object is less than 5 
m, and if, in addition, the total width of the object is not more than 1.2 m. Thus, in 
practice, such an object can at most be a two-wheeler, as shown in the drawing. 
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As soon as object 18 moves somewhat to the right out of the position shown in the 
drawing, it is detected by sensor SR. In the same way, it is detected by this sensor 
when the distance between object 18 and vehicle 10 increases slightly. If object 18 
moves by a somewhat greater distance to the left, it is detected by sensor SL. Since 
5 blind spot 16 is completely framed by locating angular ranges RR and RL and vehicle 
10, object 18 cannot leave blind spot 16 without being detected by one of the sensors. 
Conversely, no target object is able to get into this blind spot without having been 
detected by at least one of the sensors SR, SL beforehand. 

10 Therefore, with the aid of the sensor system described, it is possible to implement a 
distance control method in which a selected target object may be reliably tracked even 
when its distance to one's own vehicle is only on the order of magnitude of 
approximately 5 m, and in which vehicle 10 is automatically braked to a standstill 
when, on its part, the tracked target object stops. The essential steps of this method are 

15 shown in a flowchart in Figures 2(A) and 2(B). 

This flowchart illustrates a procedure which begins at point A in Figure 2(A), and 
then is run through cyclically. In this context, it is assumed that the locating data of 
sensors SR and SL are acquired cyclically, and that the detected objects are identified 

20 and tracked from cycle to cycle, and that in each case, the object situated closest to 
vehicle 10 in its own traffic lane is selected as the target object. In step 101, it is 
checked whether a target object is present. If this is not the case, there is a return to 
point A, Otherwise, it is checked in step 102 whether the selected target object has 
gotten out of range into blind spot 16. In this case, one's own vehicle is decelerated in 

25 step 103, so that the target object again gets into the detection range. In step 104, it is 
then checked whether, as a result of the vehicle deceleration, the vehicle standstill has 
already commenced. If this is not the case, in step 105 it is checked whether the target 
object was foimd again. If yes, this target object is tracked in step 106. If the target 
object was not found again, there is a return to step 103, and the vehicle is fiirther 

30 decelerated. If in the check in step 104 it tums out that the vehicle was braked to a 

standstill, it is checked in step 107 whether the target object was found again, for 

example, because the target object was set in motion again and has left the blind spot. 

This step 107 is optionally repeated xmtil the target object has appeared again. If the 

target object was found again, a drive-off procedure is triggered in step 108, and 

35 thereupon the method is continued with step 106 in order to track the target object. 
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The routine is subsequently continued at point B in Figure 2(B), In step 109 it is 
checked whether a new object, for instance, a vehicle cutting in from the side, has 
entered into the locating range of the sensors. If this is the case, then in step 1 10, on 
the basis of the locating data, it is checked for this object whether it is also in the 
locating range of the other sensor. In this case, in step 1 11 it is checked whether the 
new object was also detected by the other sensor. If this is not the case, then this 
points to a fault in the sensor system, and a fault report is output in step 112. 

If it was determined in step 111 that the new object has also been detected by the 
other sensor, or if it was determined in step 110 that the new object could not be 
detected by the other sensor, then in step 113 a new target-object selection is carried 
out, i.e. it is decided whether the newly appeared object replaces the previous target 
object. Thereupon, there is a return to point A. If it was determined in step 109 that no 
new object has appeared, the routine branches directly to point A. 

A procedure analogous to steps 110 through 1 13 is also carried out within the 
framework of object tracking for each tracked object, although this is not shown in the 
drawing. 
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